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T h e  Exobiology Program, w i t h i n  t h e  Off ice  of Space Science and 
Applications of t h e  National Aeronautics and Space Administration, 
i s  an in t eg ra t ed  program t o  inves t iga t e  those processes t h a t  may 
have been responsible  f o r  o r  r e l a t e d  t o  t h e  o r ig in ,  evolut ion,  and 
d i s t r i b u t i o n  of l i f e  i n  t h e  universe .  
T h i s  r epor t  contains  a l i s t i n g  of 1 9 8 6  publ ica t ions  r e s u l t i n g  
from research supported by  t h e  Exobiology Program. Our  i n t e n t  i n  
compiling t h i s  r e p o r t  i s  twofold :  We want t o  provide  t h e  
s c i e n t i f i c  community w i t h  an annual publ icat ion l i s t i n g  (as  we have 
done s ince  1 9 7 5 )  of current  NASA-supported research i n  t h i s  f i e l d ,  
and w e  hope t o  s t imu la t e  t h e  exchange of information and ideas  
among s c i e n t i s t s  working i n  t h e  d i f f e r e n t  a reas  of t h e  program. 
Research supported by t h e  Exobiology Program i s  explored i n  
t h e  a r e a s  of C o s m i c  E v o l u t i o n  o f  B i o g e n i c  C o m p o u n d s ,  
P r e b i o t i c  E v o l u t i o n ,  E a r l y  E v o l u t i o n  of L i f e ,  and 
E v o l u t i o n  o f  Advanced L i f e .  Pre-miss ion  and p r e - p r o j e c t  
a c t i v i t i e s  support ing t h e s e  a reas  a r e  supported i n  t h e  a reas  of 
S o l a r  S y s t e m  E x p l o r a t i o n  and S e a r c h  f o r  E x t r a t e r r e s t r i a l  
I n t e l l i g e n c e .  
EACH AREA I S  DEFINED AS FOLLOWS: 
COSMIC EVOLUTION OF BIOGENIC COMPOUNDS focuses  on t h e  
h i s t o r y  of t h e  biogenic elements ( C , H , N , O , P , S )  and t h e i r  compounds 
i n  t h e  galaxy and t h e  e a r l y  s o l a r  system. T h i s  i nc ludes :  (1) 
t r a c i n g  t h e  phys ica l  and chemical pathways taken by  t h e  biogenic 
e l e m e n t s  and t h e i r  compounds from t h e i r  o r i g i n s  i n  s t a r s  t o  t h e i r  
i nco rpora t ion  i n  t h e  pre-planetary bodies;  ( 2 )  determining t h e  
k i n d s  of measurements t h a t  can be made on the  biogenic elements and 
compounds i n  t h e  galaxy and s o l a r  system and t h e  p r e b i o t i c  
evolut ion and o r i g i n  of l i f e ;  (3)  determining t h e  ways i n  which t h e  
phys ica l  and chemical p r o p e r t i e s  of t h e  b iogenic  elements and 
compounds may have inf luenced  t h e  course of events  during t h e  
formation of t h e  s o l a r  system and t h e  component bodies.  
P R E B I O T I C  EVOLUTION involves research and analysis in two 
major a r e a s :  (1) t h e  consequences of p l ane ta ry  e v o l u t i o n  on t h e  
p h y s i c a l  environments of t h e  Ear th  and p l a n e t s ,  and ( 2 )  t h e  
evolut ion of molecules and molecular systems unde r  t h e  cons t r a in t s  
imposed b y  phys ica l  environment and t h e  appearance, a p o s t e r i o r i ,  
of l i v i n g  systems on Earth.  I t  a l s o  assesses  t h e  importance of t h e  
physical-chemical processes associated with t h e  dynamic development 
of p lane tary  sur faces .  
EARLY EVOLUTION OF LIFE focuses on t h e  na tu re  of t h e  most 
p r i m i t i v e  organisms, determining t h e  environment i n  which they  
evolved, and t h e  way i n  which they inf luenced t h a t  environment. 
Inves t iga t ions  a r e  executed through t h e  u s e  of t h e  molecular record 
i n  l i v i n g  organisms and t h e  geological record i n  rocks.  These 
records a r e  used t o  determine when and i n  what s e t t i n g  l i f e  f i r s t  
appeared; t o  determine t h e  c h a r a c t e r i s t i c s  of t h e  f i r s t  successful  
l i v i n g  organisms; t o  understand t h e  phylogeny and physiology of 
microorganisms t h a t  i nhab i t  hydrothermal a reas  now t h o u g h t  t o  be 
analogs of pr imi t ive  environments; t o  determine t h e  o r i g i n a l  nature 
of b i o t i c  energy t ransduct ion ,  membrane funct ion,  and information 
processing through study of extant  microbes; and t o  e luc ida te  the  
phys ica l ,  chemical,  and b i o t i c  f o r c e s  ope ra t ing  on microbia l  
evolut ion.  
EVOLUTION OF ADVANCED L I F E  examines t h e  i n f l u e n c e  of 
as t rophys ica l ,  s t e l l a r  and s o l a r  system events on t h e  evolution of 
advanced l i f e  on Ear th .  Research i n  t h i s  a rea  a l s o  at tempts  t o  
develop a program p lan  f o r  a p a l e o n t o l o g i c a l  d a t a  base;  t o  
understand poss ib le  evolutionary pathways f o r  advanced l i f e ;  and t o  
i nves t iga t e  ancient  atmospheres. 
SOLAR SYSTEM EXPLORATION focuses  on p rov id ing  s p e c i f i c  
information on t h e  elemental and chemical composition, mainly i n  
respect  t o  gases and v o l a t i l e s ,  of t h e  atmospheres and surfaces  of 
s o l a r  system bodies ,  i nc lud ing  p l a n e t s  and t h e i r  s a t e l l i t e s ,  
comets, a s t e r o i d s ,  m e t e o r i t e s ,  and dus t  i n  space .  Improved 
methods, instrumentation, and experiments w i l l  be developed f o r  i n  
s i t u  chemical analyses of t h e  v o l a t i l e  species  assoc ia ted  w i t h  the  
bodies t o  be inves t iga ted .  
SEARCH FOR EXTRATERRESTRIAL INTELLIGENCE ( S E T I )  i n v o l v e s  
t h e  sea rch  f o r  e x t r a t e r r e s t r i a l  i n t e l l i g e n t  l i f e  b y  d e t e c t i n g  
s i g n a l s  i n  t h e  electromagnet ic  spectrum. P r i n c i p a l  emphasis has 
been on technology development f o r  t h e  microwave observing p r o j e c t .  
T h i s  bibliography i s  divided i n t o  the  s i x  a reas  noted above. 
Wi th in  each research a rea ,  references a r e  l i s t e d  a lphabe t i ca l ly  by 
au thor .  Authors who a r e  p r i n c i p a l  i nves t iga to r s  a r e  i d e n t i f i e d  by 
an a s t e r i s k .  I n  a d d i t i o n ,  cu r ren t  addresses  f o r  a l l  P r i n c i p a l  
Inves t iga tors  a r e  given i n  t h e  Appendix. 
W e  w i s h  t o  thank a l l  t h e  p a r t i c i p a n t s  i n  t h e  Exobiology 
Program f o r  t h e i r  cooperation i n  responding t o  our request  f o r  a 
l i s t i n g  of t h e i r  1986 pub l i ca t ions .  We a l s o  w i s h  t o  thank Janice 
Susan Wallace f o r  he r  e d i t o r i a l  and t echn ica l  a s s i s t ance  and John 
Bourdeau and Janet Vaughn Powers f o r  t h e i r  t echnica l  a s s i s t a n c e .  
John D .  Rummel 
Exobiology Program Manager 
December 1 9 8 7  
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MADDEN, S.C.; IRVINE*, W.M.; MATTHEWS, H.E.; BROWN, R.D.; 
GODFREY, P.D. 
AMMONIA MASERS DETECTED IN STAR FORMING REGIONS. 
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311(1): L27-L31,1986. (GWU 7546) 
MADDEN, S.C.; IRVINE', W.M.; MATTHEWS, H.E.; AVERY, L.W. 
IN: SUMMER SCHOOL ON INTERSTELLAR PROCESSES (HOLLENBACH, D., THRONSON, H., EDS.). 
(GWU 7547) 
MULTI-LEVEL STUDY OF C3H2: THE FIRST INTERSTELLAR HYDROCARBON RING. 
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MADDEN, S.C.; IRVINE', W.M.; MATTHEWS, H.E.; BROWN, R.D.; 
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NEW INTERSTELLAR MASERS IN NONMETASTABLE AMMONIA. 
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MATTHEWS, H.E.; MADDEN, S.C.; AVERY, L.W.; IRVINE', W.M. 
ASTRopHyslcAL JOURNAL 
THE C3H2 220-21 1TRANSITION: ABSORPTION IN COLD DARK CLOUDS. 
307(2): L69-L73,1986. (GWU 7552) 
MATTHEWS, H.E.; IRVINE', W.M. 
IN: W E R S ,  MOLECULESAND MASS OUTFLOWS IN STAR FORMING REGIONS 
(HASCHICK, A.D., ED.). 
OBSERVATIONS OF THE HYDROCARBON RING C3H2. 
CAMBRIDGE, MA: HAYSTACK OBSERVATORY, P. 1-8,1986. (GWU 7555) 
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SCHLOERB, F.P.; SNELL, R.L.; GOLDSMITH, P.F.; MORGAN, J.A. 
(IRVINE, W.M. = P.I.) 
CO MAPPING OF THE ORION MOLECULAR CLOUD: THE INFLUENCE OF STAR FORMATION ON CLOUD 
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(G W U 7584) 
MOFFETT FIELD, CA: NASA, AMES RESEARCH CENTER, P. 5-6,1986. (NASA-TM-88342) 
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A SEARCH FOR INTERSTELLAR H30+. 
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IN: MASERS, MOLECULESAND MASS OUTFLOWS IN STAR FORMING REGIONS 
(HASCHICK, A.D., ED.). 
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ZIURYS, L.M.; TURNER, B.E. (IRVINE, W.M. = P.I.) 
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ASTROPHYSICAL JOURW 
302: L31-L36,1986. (GWU 761 1) 
ZIURYS, L.M.; TURNER, B.E. (IRVINE, W.M. = P.I.) 
NEW INTERSTELLAR MOLECULAR DETECTIONS: IMPLICATIONS FOR "SHOCK CHEMISTRY." 
IN: ASTROCHEMISTRY (VARDYA, M.S., TARAFDAR, S.P., EDS.). 
DORDRECHT, HOLLAND: D. REIDEL PUBLISHING CO., P. 289-292,1986. (GWU 761 2) 
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IN: SUMMERSCHOOL ON lNTERSTELLAR PROC€SS€S(HOLLENBACH, D., THRONSON, H., EDS.). 
MOFFETT FIELD, CA: NASA, AMES RESEARCH CENTER, P. 153-154,1986. (GWU 7622) 
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25: 658,1986. (GWU 7205) 
BASILE, B.; MIDDLEDITCH, B.S.; ORO", J. 
THE ORIGIN OF POLYNUCLEAR AROMATIC HYDROCARBONS IN THE MURCHISON METEORITE 
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IN: 7986 SOUTHWEST REGIONAL MEETING, AMERICAN CHEMICAL SOCIETY, HOUSTON, TX, 
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BENEVIDES, J.M.; WANG, A.H.-J.; RICH*, A.; KYOGOKU, Y.; van der MAREL, G.A.; 
van BOOM, J.H.; THOMAS, G.J., JR. 
RAMAN SPECTRA OF SINGLE CRYSTALS OF R(GCG)D(CGC) AND (CCCCGGGG) AS MODELS FOR A 
DNA, THEIR STRUCTURE TRANSITIONS IN AQUEOUS SOLUTION, AND COMPARISON WITH DOUBLE 
H ELlCAL POLY (dG) POLY(dC). 
BIOCHEMISTRY 
25(1): 41 -50,1986. (GWU 7206) 
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RESULTS FROM HALLEY'S COMET: IMPLICATIONS FOR THE ORIGIN OF LIFE (ABSTRACT). 
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NOVEMBER 19-21, P. 59,1986. (GWU 7629) 
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